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YARN CARRIER 

Field of the Invention 

[0001] The present invention relates to a yarn carrier and, in particular, to a yarn 
carrier having a cleanable pick-up groove for high speed winding operations. 

Background of the Invention 

[0002] Textile yarn cores, i.e., yarn winding tubes, yarn carriers or bobbins, are 
employed in the textile industry for winding and supporting yarn packages. In the 
package forming process, a moving yarn line is strung up onto a rapidly rotating 
empty core. The moving yarn line is brought into tangential contact with the rotating 
empty core. Typically, a start-up (or pick-up) groove is provided in the surface of the 
core, normally adjacent one end of the core. The yarn line is directed into the groove 
which grips and breaks the yarn line, thereby initiating the wind-up process. 

[0003] Multiple width start-up grooves in yarn cores have been provided in an 
effort to improve the yarn pick up propensities of the groove. In the multiple width 
pick up grooves, one longitudinal, i.e., lengthwise, portion of the groove is relatively 
wide while an adjacent longitudinal portion is relatively narrow. The core is rotated 
so that the wide portion of the groove forms the leading portion; the narrow portion of 
the groove forms the trailing portion. The transition portion of the groove, between 
the wide and narrow portions, then forms a "nip" for gripping and catching the yarn. 
The initial strands of the yarn that are caught by the groove during the initial few turns 
of the automatic winding operation are commonly referred to as the "transfer bunch." 
When the yarn is removed from the package, the last few strands of the transfer bunch 
often remain in the groove. 
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[0004] The string-up efficiency, defined as the percentage of successful string-ups 
over time as compared to the total attempted number of string-ups, is reduced with 
repeated use of a yarn winding tube. This reduction is partly due to the compression 
of the fiber fibrils of a paper tube, for example, that assist in the catching of the yarn 
and which are further damaged when the transfer bunch is removed from the groove. 
The efficiency reduction is also partly due to the portion of the transfer bunch that 
remains in the groove and diminishes the ability of the groove to further catch yarn. 

[0005] A missed string-up, even in one yarn carrier, results in a significant loss of 
production, since yarn carriers are used in multiple carrier winders (e.g., 2, 4, ... 10) 
per shaft. A missed string-up requires human intervention in re-stringing up of the 
position, sometimes requiring wiping of the spinneret face. When one in a gang of 
yarn carriers fails to string-up, this process may result in a loss of 10-30 minutes of 
production time. 

[0006] It is desirable to reduce manufacturing costs by maintaining a high string- 
up efficiency and to reduce part costs by re-using yarn carrier tubes. These are often 
conflicting goals because the string-up efficiency of a tube deteriorates with repeated 
use of a yarn carrier tube due to damage cause by removal of yarn from the groove 
and due to yarn remaining in the groove. 

[0007] It is often difficult to remove all the remaining strands of the transfer 
bunch from the groove without damaging the tube, especially when the tube is made 
of paper. This is because typical yarn catching grooves are very difficult to clean due 
to the very tight grip imparted by the walls of the groove on the yarn. Removal of the 
yarn usually results in broken filaments being retained in the groove. 

[0008] One method of removing yarn from the groove, vacuuming, may not 
damage the tube but typically does not remove all the yarn from the groove. As the 
carrier is reused, accumulation of broken filaments and wall deterioration increases, 
further decreasing string-up efficiency. Other methods, such as using a knife to clean 
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the groove, may remove the transfer bunch from the groove but may also damage the 
surface of the tube or the groove, thereby making the tube unsuitable for further use. 

[0009] Reuse of the groove is thus limited due to the deterioration of the groove 
surface and to the collection therein of broken filaments. As a result, yarn carriers are 
often discarded with little or no reuse rather than incur the increased cost of 
production that results from a low string-up efficiency. 

Summary of the Invention 

[0010] According to the present invention, there is provided a yarn carrier for 
winding yarn thereon. The yarn carrier includes a hollow cylindrical tube having a 
longitudinal axis extending lengthwise between first and second opposite ends thereof 
and having a substantially cylindrical outer surface. The tube has a recess formed into 
the first end. The recess has an inside surface with first and second ends, and a first 
recess side surface extending from the first end of the inside surface to the first end of 
the tube. A yarn catch insert is adapted to be inserted into the recess. The yarn catch 
insert has an inside surface with first and second ends, an outside surface, and a first 
side surface extending between the first end of the inside surface and its outside 
surface. When the yarn catch insert is inserted into the recess, the inside surface of 
the yarn catch insert is positioned opposite the inside surface of the recess and the 
distance between the inside surface of the recess and the inside surface of the yarn 
catch insert tapers along at least a portion of the inside surface of the recess. 

[0011] According to another aspect of the invention, there is provided a yarn 
catch insert for insertion into a hole formed through a yarn winding tube. The yarn 
winding tube is a hollow cylindrical tube having a longitudinal axis extending 
lengthwise between first and second opposite ends thereof and having a substantially 
cylindrical outer surface. The hole in the tube has a side surface with a portion 
extending circumferentially around a portion of the circumference of the tube. The 
yarn catch insert has an inside surface, and outside surface, and a side surface, a 
portion of the side surface is positioned opposite the portion of the side surface of the 
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hole when the insert is inserted into the hole to form a start-up groove between the 
portion of the side surface of the yarn catch insert and the portion of the side surface 
of the hole. At least a portion of the start-up groove is tapered in a direction along the 
circumference of the tube. 

[0012] According to another aspect of the invention, there is provided a yarn 
catch insert having a first member and a second member. The first member has a first 
end, an opposite second end, and an inner surface. The second member has a first 
end, an opposite second end, and an inner surface. The first and second members are 
adapted to be inserted into a hole in a yarn winding tube such that their respective 
inner surface are positioned opposite each other. The distance between the inner 
surfaces tapers along at least a portion of the inner surfaces to form a start-up groove. 

[0013] According to a further aspect of the invention, there is provided a yarn 
carrier for winding yarn thereon. The yarn carrier includes a hollow cylindrical tube 
having a longitudinal axis extending lengthwise between first and second opposite 
ends thereof. The tube has substantially cylindrical inner and outer surfaces and a 
non-symmetrical hole formed therein for accepting a yarn catch insert. 

[0014] According to a still further aspect of the invention, there is provided a yarn 
carrier for winding yarn thereon. The yarn carrier includes a hollow cylindrical inner 
tube and a hollow cylindrical outer tube. Each tube has a longitudinal axis extending 
lengthwise between first and second opposite ends thereof, a substantially cylindrical 
outer surface, and a hole formed through the tube. The inner tube is disposed within 
the outer tube so that the holes in the inner and outer tubes are substantially aligned 
for receiving a yarn catch insert. 

[0015] According to yet another aspect of the invention, there is provided a yarn 
carrier for winding yarn thereon. The yarn carrier includes a hollow cylindrical tube 
and a ring. The tube has an external annular channel adjoining one end of the tube, 
the channel having a base surface radially inward of the outer surface of the tube. A 
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shoulder is formed between the outer surface of the tube and the base surface of the 
channel. The shoulder extends substantially radially inward from the outer surface of 
the tube to the base surface of the channel. A recess in the shoulder extends around a 
portion of the tube circumference and has an inside surface. The ring is adapted to be 
removably retained within the channel. The ring has a ring engagement surface 
positioned adjacent the shoulder when the ring is retained within the first channel. 
The ring engagement surface has a protrusion coinciding with the recess in the 
shoulder and having a surface cooperating with the inside surface of the recess to 
form a tapered groove for engaging the yarn during winding startup. 

[0016] According to yet another aspect of the invention, there is provided a yarn 
carrier for winding yarn thereon. The yarn carrier includes inner and outer hollow 
cylindrical tubes and a ring. The inner and outer tubes each have substantially 
cylindrical inner and outer surfaces, a first end, an opposite second end, and inner and 
outer surfaces therebetween. The outer diameter of the inner tube is slightly less than 
the inner diameters of the outer tube and ring so the inner tube may be tightly coupled 
within the outer tube and ring. A recess is formed in the first end of the outer tube. 
The ring has a first end surface and a second end surface, the first end surface 
adjoining the first end of the inner tube, the second end surface having a protrusion 
coinciding with the recess in the outer tube and having a surface cooperating with the 
inside surface of the recess to form a tapered groove for engaging the yarn during 
winding startup. 

[0017] According to yet another aspect of the invention, there is provided an 
apparatus for forming a hole in a hollow cylindrical tube. The apparatus includes a 
die having an opening formed therein for receiving a punch and having an outer 
surface that substantially matches the curvature of at least a portion of the inner 
surface of the tube. The outer surface of the die extends radially outward in the 
vicinity of and as it approaches the opening in the die. When a hole is punched into 
the tube by placing the die in the tube and then inserting the punch through the tube 
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and into the opening in the die, a countersink is formed on the inner surface of the 
tube adjacent to the hole formed in the tube. 

Brief Description of the Drawings 

[0018] Figure 1 is an isometric view of a yarn carrier according to the present 
invention; 

[0019] Figure 2 is a side elevation view of the yarn carrier shown in Figure 1 ; 

[0020] Figure 3A is a top view of the yarn carrier shown in Figure 1 with its yarn 
catch insert in an open position; 

[0021] Figure 3B is a top view of the yarn carrier shown in Figure 1 with its yarn 
catch insert in a closed position; 

[0022] Figure 4 is a top view of an assembled yarn carrier according to another 
embodiment of the present invention; 

[0023] Figure 5 is an exploded top view of the yarn carrier shown in Figure 4; 

[0024] Figure 6 is a cross-sectional view of the yarn carrier of Figure 4 taken 
along the line 6-6; 

[0025] Figure 7 is a top view of an assembled yarn carrier according to another 
embodiment of the present invention; 

[0026] Figure 8 is an exploded top view of the yarn carrier shown in Figure 7; 

[0027] Figure 9 is a cross-sectional view of the yarn carrier of Figure 7 taken 
along the line 9-9; 

[0028] Figure 10 is a cross-sectional view of the yarn carrier of Figure 7 taken 
along the line 10-10; 
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[0029] Figure 1 1 is a top view of an assembled yarn carrier according to another 
embodiment of the present invention; 

[0030] Figure 12 is an exploded top view of the yarn carrier shown in Figure 1 1 ; 

[0031] Figure 13 is a cross-sectional view of the yarn carrier of Figure 1 1 taken 
along the line 13-13; 

[0032] Figure 14 is an exploded isometric view of a yarn carrier according to 
another embodiment of the present invention; 

[0033] Figure 15 is a top view of the yarn carrier shown in Figure 14 having its 
yarn carrier insert positioned within the yarn carrier tube; 

[0034] Figures 16-18 are cross-sectional views of the yarn carrier of Figure 15 
taken along the lines 16-16, 17-17, and 18-18, respectively; 

[0035] Figure 19A is an isometric view of the yarn carrier according to another 
embodiment of the present invention having a yarn carrier insert positioned within the 
yarn carrier tube that comprises an inner core and an outer sleeve; 

[0036] Figure 19B is a cross-sectional view of the yarn carrier of Figure 19A 
taken along the line 19B-19B; 

[0037] Figure 20 is an exploded isometric view of a yarn carrier according to 
another embodiment of the present invention; 

[0038] Figure 21 is a top view of a portion of the yarn carrier shown in Figure 20 
having its yarn carrier insert positioned within the yarn carrier tube; 

[0039] Figures 22-24 are cross-sectional views of the yarn carrier of Figure 21 
taken along the lines 22-22, 23-23, and 24-24, respectively; 
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[0040] Figure 25 is an exploded isometric view of an apparatus according to the 
present invention for forming a hole in a yarn winding tube; 

[0041] Figure 26 is a cross-sectional view of the apparatus of Figure 25 taken 
along the line 26-26 with the punch positioned in the die after punching a hole 
through a tube; 

[0042] Figure 27 an isometric view of the yarn carrier according to another 
embodiment of the present invention having a yarn capturing groove positioned 
within the inner core of a composite yarn carrier tube; 

[0043] Figure 28 is a cross-sectional view of the yarn carrier of Figure 27 taken 
along the line 27; and 

[0044] Figure 29 is an exploded isometric view of a yarn carrier according to 
another embodiment of the present invention. 

Detailed Description of the Invention 

[0045] Referring to the drawings, in which like reference numerals illustrate 
corresponding or similar elements throughout the several views, there is shown in 
Figure 1 an isometric view of a yarn carrier 1 00 for winding yarn thereon according to 
an exemplary embodiment of present invention. 

[0046] The yarn carrier 100 includes a hollow cylindrical tube 102 and a yarn 
catch insert 104. The tube 102 has a first end 106, an opposite second end (not 
shown), and a longitudinal axis extending lengthwise between the first and second 
ends. The outer surface 108 of the tube 102 is substantially cylindrical. 

[0047] A recess 1 10 is formed into the first end 106 of the tube 102. The recess 
1 1 0 has an inside surface 1 1 2 with a first end 1 1 4, a second end 1 1 6, and a first recess 
side surface 1 18 that extends from the first end 1 14 of the inside surface 1 12 to the 
first end 106 of the tube 102. The yarn catch insert 104 flexibly extends from the tube 
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102 whereby it may be removably inserted into the recess 110. The yarn catch insert 
104 may move between an "open" position as shown in Figures 1 and 3 A where the 
yarn catch insert 104 is not within the recess 1 10 and a "closed" position as shown in 
Figure 3B where the yarn catch insert 104 is positioned in the recess 1 10. 

[0048] The yarn catch insert 104 has an inside surface 120 with first end 122 and 
a second end 124, an outside surface 126, and a first side surface 128 extending 
between the first end 122 of the inside surface 120 and its outside surface 130. When 
the yarn catch insert 104 is in the closed position, a start-up groove 132 is formed 
between the inside surface 1 12 of the recess 1 10 and the inside surface 120 of the yarn 
catch insert 104. The yarn carrier 100 may then be used for winding operations. 

[0049] As shown in Figure 3B, when the yarn catch insert 104 is inserted into the 
recess 1 10 (i.e., the "closed" position), the inside surface 120 of the yarn catch insert 
104 is positioned opposite the inside surface 1 12 of the recess 1 10 and the distance D 
between the inside surface 1 12 of the recess 1 10 and the inside surface 120 of the yarn 
catch insert 104 tapers to a pinch point 146. As the tube 102 rotates in the direction of 
arrow R, yarn that is directed into the groove 132 is gripped by the groove 132 to 
initiate the wind-up process. In the exemplary embodiment shown in Figures 1-3, the 
inside surface 1 12 of the recess 1 10 and the inside surface 120 of the yarn catch insert 
104 are substantially perpendicular to the longitudinal axis of the tube 102. 

[0050] After previously- wound yarn is unwound from the yarn carrier 100, the 
yarn catch insert 104 may be removed from the recess (i.e., moved into the open 
position) to open up the start-up groove 1 32 for removal of any fibers from the start- 
up groove 132. The ability to open the start-up groove 132 allows any yarn "stuck" in 
the start-up groove 132 to be removed without damage to the start-up groove 132. 
After cleaning the start-up groove 132, the yarn catch insert 104 may then be restored 
to the closed position and the yarn carrier 100 may be reused while maintaining a high 
string-up efficiency because the ability of the start-up groove 132 to catch yarn is not 
diminished because any previously-stuck fibers have been removed. 
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[0051] Yarn may be wound at a rate of 5000-6000 meters/minute, for example. 
The corresponding rate of rotation of the tube, in order to maintain the winding rate, 
causes the yarn catch insert 104 to exert a centrifugal force that must be opposed to 
prevent the yarn catch insert 104 from extending radially outward of the outer surface 
108 of the tube 102. In the exemplary embodiment shown in Figures 1-3, the yarn 
catch insert 104 is removably securable to the tube 102 using a combination of a shelf 
134 and teeth 136. 

[0052] The shelf 134 is positioned radially inward of and extends under the outer 
surface 108 of the tube 102 when the yarn catch insert 104 is in the closed position. 
The tube 102 includes a channel 138 formed in the first recess side surface 118 for 
receiving the shelf 134 of the yarn catch insert 104 when in the closed position. The 
lower surface of the channel 138 exerts a centripetal force upon the shelf 138 in a 
direction toward the center of rotation to prevent the yarn catch insert 104 from 
extending radially outward of the outer surface 108 of the tube 102. 

[0053] The teeth 136, 140 on the first side surface 128 of the yarn catch insert 104 
and/or on the first side surface 1 18 of the recess 1 10 are used to removably secure the 
yarn catch insert 104 in the recess 110. To close the yarn catch insert 104 from an 
open position, the teeth 136, 140 may be flexible and the yarn catch insert may be 
rotated in a direction parallel to the longitudinal axis of the tube 102 to engage the 
teeth 136, 140. To facilitate rotation of the yarn catch insert 104 from the open to 
closed position, voids 142, 144 are formed in the yarn carrier at the second end 1 16 of 
inside surface 1 12 of the recess 110 and in the outside surface 130 of the yarn catch 
insert 104. The voids increase the flexibility of the junction where the insert 104 
extends from the tube 102. To open the yarn catch insert 104 from a closed position, 
the yarn catch insert 104 may be pressed axially inward to disengage the teeth 136, 
140 as illustrated by the phantom lines in Figure 2. 

[0054] Although the start-up groove 132 illustrated in Figure 3 is designed for 
catching yarn when the tube 102 is rotated in direction R, the tube 102 may be bi- 
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directionally operable by having a portion of the start-up groove 132 taper in direction 
R and a different portion of the start-up groove widen in the same direction R. Also, 
more than one yarn catch insert 104 and recess 110 combination may be formed on 
one or both ends of the tube 102. One yarn catch insert and recess may have a start- 
up groove for winding yarn when rotated in direction R and another yarn catch insert 
and recess may have a start-up groove for winding yarn when rotated in the opposite 
direction. 

[00551 The Y arn carrier 100 does necessarily require teeth 136, 140 for securing the 
yarn catch insert 104 in the recess 1 10. The yarn catch insert 104 may be secured in 
the recess 1 10 by placing the yarn carrier 100 upon a spindle for winding that has an 
end cap or other form of stop. When the tube 102 is pressed and secured against the 
stop, the yarn catch insert 104 is moved or forced from the open to closed position by 
positioning the tube 102 against the stop. Alternatively, the yarn catch insert 104 may 
be permanently bonded within the recess 102 by sonic welding, for example. The 
yarn carrier 100 may be made of polypropylene, nylon, or other polymers and may be 
formed by molding, for example. The yarn catch insert 104 may be molded into a 
normally-open position and then pressed into its closed position as needed for 
winding operations. 

[0056] Permanently bonding the yarn catch insert 104 into the recess 110 diminishes 
its re-usability because the start-up groove 132 can not be opened for cleaning. 
However, it still provides improved performance over a yarn carrier with a one-piece 
molded start-up groove because it is difficult to mold a one-piece start-up groove with 
sidewalls perpendicular to the longitudinal axis or with a pinch point. 

[0057] Although the yarn catch insert 104 in Figures 1-3 is illustrated as extending 
from the tube 102, in another exemplary embodiment, the yarn catch insert 104 is 
separate from the tube 102. The separate yarn catch insert 104 may then have teeth 
and/or a shelf on both ends for secure attachment to the tube 102. 
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[0058] A yarn carrier 400 according to another embodiment of the present 
invention is shown in Figures 4-6. The yarn carrier 400 includes a hollow cylindrical 
tube 402 and a resilient ring 404. The ring 404 and the tube 402 are designed to be 
removably secured to each other, forming a start-up groove 430 between their 
respective surfaces. After winding and unwinding yarn from the carrier 400, the ring 
404 may be removed from the tube 402 to open up the start-up groove 430 and 
remove of any yarn retained in the groove 430. 

[0059] The tube 402 has a first end 406, an opposite second end (not shown), and 
a longitudinal axis extending lengthwise between the first and second ends. The outer 
surface 408 of the tube is substantially cylindrical. An external annular channel 410 
adjoins the first end 406 of the tube 402. The channel 410 has a base surface 412 that 
is radially inward of the outer surface 408 of the tube 402 with a shoulder 414 formed 
between the outer surface 408 of the tube 402 and the base surface 412 of the first 
channel 410. The shoulder 414 extends substantially radially inward from the outer 
surface 408 of the tube 402 to the base surface 412 of the channel 410. A recess 416 
is formed in the shoulder 414, extends around a portion of the tube circumference, and 
has an inside surface 424. 

[0060] The resilient ring 404 is adapted to be removably retained within the 
channel 410. The ring 404 may be retained within the channel 410 by a friction fit, or 
by other attachment mechanisms such as ribs on the channel surface 412 
corresponding to ruts in the inside surface of the ring 404. The ring 404 has a ring 
engagement surface 418 positioned adjacent to the shoulder 414 when the ring 404 is 
retained within the channel 410. The ring 404 has a first end surface adjoining the 
first end of the tube adjacent the first channel. 

[0061] The ring engagement surface 418 has a protrusion 420 coinciding with the 
recess 416 in the shoulder 414 of the tube 402. The protrusion 420 has a side surface 
422 cooperating with the inside surface 424 of the recess 416 to form a tapered start- 
up groove for engaging the yarn during winding start-up. 
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[0062] A score 426 is formed in the tube 402 to help direct the yarn into the start- 
up groove during winding operations. The score 426 may be formed by applying 
pressure around the circumference of the tube 402 with a rotary tool. The score 426 is 
formed in the outer surface 408 of and extends around the circumference of the tube 
402. The apex 428 of the score 426 intersects the inside surface 424 of the recess 
416. 

[0063] A yarn carrier 700 according to another embodiment of the present 
invention is shown in Figures 7-10. The yarn carrier 700 includes an inner hollow 
cylindrical tube 702, a outer hollow cylindrical tube 704, and a resilient ring 706. The 
outer tube 704 and ring 706 are designed to be removably secured adjacent to each 
other and upon the inner tube 702, forming a start-up groove 726 between their 
respective surfaces. After winding and unwinding yarn from the carrier 700, the ring 
706 and/or outer tube 704 may be removed from the inner tube 702 to open up the 
start-up groove 726 and remove of any yarn retained in the groove 726. 

[0064] The outer tube 704 and the ring 706 have inside diameters larger than the 
outside diameter of the inner tube 702 so the inner tube 702 may be positioned within 
the outer tube 704 and ring 706. The start-up groove 726 is formed between the end 
surfaces of the outer tube 704 and ring 706, extending partially around the 
circumference of the yarn carrier 700. In the embodiment shown in Figure 7-10, the 
taper of the start-up groove 726 is formed by the cooperation of a recess formed in the 
side wall of the ring 706 and the side wall of the tube 704. 

[0065] The inner tube 702 and outer tube 704 each have a first end, an opposite 
second end, and a longitudinal axis extending lengthwise between their respective 
first and second ends. The inner tube 702 has a substantially cylindrical outer surface 
708 and an outer diameter measured from the center of the tube to the outside surface 
708 of the inner tube 702. The outer tube 704 has a substantially cylindrical inner 
surface 710, an inner diameter measured from the center of the tube to the inside 
surface 710 of the outer tube 704, and a recess 720 formed in its first end 722. The 
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inner and outer tubes 702, 704 are manufactured so the inner diameter of the outer 
tube 704 is slightly greater than the outer diameter of the inner tube 704 so the inner 
tube may be tightly positioned within the outer tube. 

[0066] The ring 706 has a first end surface 712 and a second end surface 714. 
The first end surface 712 adjoins the first end 716 of the inner tube and the second 
end surface 714 has a protrusion 718 coinciding with the recess 720 in the outer tube. 
The yarn carrier 700 may be assembled by placing the inner tube 702 within the outer 
tube 704 and then sliding the ring 706 onto the first end 716 of the inner tube 702 
oriented so its protrusion 718 aligns with the recess 720 in the outer tube 704. The 
protrusion 718 secures the outer tube 704 and the ring 706 so they rotate in unison. 

[0067] A score 724 is formed in the carrier 700 to help direct the yarn into the 
start-up groove 726 during winding operations. The score is formed in the outer 
surface of and extends around the circumference of the carrier 700. The apex 728 of 
the score 724 coincides with the pinch point of the start-up groove 726. The second 
end 714 of the ring 706 and the first end 716 of the outer tube 704 are tapered radially 
inward to together form the score 724. 

[0068] In an exemplary embodiment, one or more of the inside surface of the 
outer tube 704, the inside surface of the ring 706, or the outside surface of the inner 
tube 702 have ribs for securing the ring and outer tube to the inner tube by press 
fitting, for example. In an exemplary embodiment, the outer tube 704 is made of 
paper and the inner tube 702 and ring 706 are made of plastic. Although the 
embodiment shown in Figures 7-10 has a recess and protrusion formed in the side 
wall of the ring 706, one or both of the recess and protrusion could similarly be 
formed in the ring 704. 

[0069] Another yarn carrier 1 100 according to the present invention is shown in 
Figures 1 1-13. The yarn carrier 1 100 includes an inner hollow cylindrical tube 1 102, 
an outer hollow cylindrical tube 1 104, and a resilient ring 1 106. 
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[0070] The outer tube 1 104 and ring 1 106 are designed to be removably secured 
adjacent to each other and upon the inner tube 1 102, forming a start-up groove 1 108 
between their respective surfaces. After winding and unwinding yarn from the carrier 
1 100, the ring 1 106 and/or outer tube 1 104 may be removed from the inner tube 1 102 
to open up the start-up groove 1 108 and remove of any yarn retained in the groove 
1108. 

[00711 The outer tube 1104 and the ring 1106 have inside diameters larger than 
the outside diameter of the inner tube 1 102 so the inner tube 1 102 may be positioned 
within the outer tube 1 104 and ring 1 106. In contrast to the yarn carrier 700 shown in 
Figures 7-10, the start-up groove 1108 of the yarn carrier 1100 is not formed at the 
intersection of the side surfaces of the outer tube 1 104 and the ring 1 106. The start-up 
groove 1 108 is formed at the intersection of the side surface 1 120 of the recess 1110 
of the outer tube 1 104 and the side surface 1 122 of a protrusion 1 1 12 of the ring 1 106. 
The start-up groove 1108 extends partially around the circumference of the yarn 
carrier 1 100. 

[0072] A score 1114 is formed in the outer surface 1116 of and extends around 
the circumference of the outer tube 1 104. The apex 1 1 18 of the score 1114 coincides 
with the pinch point of the start-up groove 1 108. 

[0073] A yarn carrier 1400 according to another embodiment of the present 
invention is shown in Figures 14-18. The yarn carrier 1400 includes a substantially 
cylindrical yarn winding tube 1402 and a yarn catch insert 1404 for insertion through 
a hole 1406 in the tube 1402. Preferably, the insert 1404 is inserted into the hole 1406 
from the inside of the tube as shown in Figure 14. 

[0074] The shape of the hole 1406 and the shape of the insert 1404 are designed 
to form a tapered string-up groove 1408 between a surface of the insert 1404 and a 
sidewall of the hole 1406 . Preferably, the yarn catch insert has a flange (not shown) 
on its bottom surface to prevent the top surface 1410 of the insert 1404 from 
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extending past the outer surface 1412 of the tube 1402 during winding operations. 
After winding and unwinding of yarn from the carrier 1400, the insert 1404 may be 
removed from the tube 1402 by pressing it into the center of the tube 1402. The start- 
up groove is thereby taken apart and any remaining yarn may be removed. The same 
or a different insert 1404 may then be re-inserted into the hole 1402 of the same or a 
different tube 1402 for re-use. 

[0075] The yarn winding tube 1402 is a hollow cylindrical tube having a 
longitudinal axis extending lengthwise between first and second opposite ends thereof 
and having a substantially cylindrical outer surface 1412 . The hole 1406 has a side 
surface 1418 with a first portion 1420 extending circumferentially around a first 
portion of the circumference of the tube 1402. The yarn catch insert 1404 has a 
bottom surface 1422, a top surface 1412, and a side surface 1424. 

[0076] A first portion 1424a of the side surface 1424 of the insert 1404 is 
positioned opposite the first portion 1418a of the side surface 1418 of the hole 1406 
when the insert 1404 is inserted into the hole 1406 to form the start-up groove 1408 
between the first portion 1424a of the side surface 1424 of the yarn catch insert 1404 
and the portion 1418a of the side surface 1418 of the hole 1406. In an exemplary 
embodiment, the side surfaces 1418a, 1424a of the insert 1404 and the side surface of 
the hole 1406 meet or come within a distance of each other that is less than the 
thickness of the yarn to be wound to form a pinch point to grab the yarn. As shown in 
Figures 16-18, the first portion 1418a of the side surface 1418 of the hole 1406 and 
the first portion 1424a of the side surface 1424 of the yarn catch insert 1404 are 
perpendicular to the longitudinal axis of the tube. 

[0077] The yarn catch insert 1404 is curved to match the curvature of the tube 
1402 and has a lower portion 1404a and an upper portion 1404b. The lower portion 
1404a has a width corresponding to the width of the hole in the tube for a tight fit to 
secure the insert 1404 in the hole 1406. The upper portion 1404b has a width less 
than the width of the hole 1406 in the tube 1402. The start-up groove 1408 is formed 
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in the space between the upper portion 1404b of the insert 1404 and the side wall 
1418a of the hole 1406. The yarn catch insert 1404 may be comprised of materials 
including plastic, wood, and metal. 

[0078] As illustrated in Figures 15-18, the edges at the top surface 1412 of the 
insert 1404 are radiused. The radiused edges adjacent to the side walls 1418 of the 
hole 1406 facilitate insertion of the insert 1404 into the hole 1406. The radiused 
edges adjacent to the start-up groove 1408 facilitate directing yarn into the start-up 
groove 1408. 

[0079] A score 1414 is formed in the outer surface 1412 of and extends around 
the circumference of the tube 1402. The apex 1416 of the score coincides with the 
pinch point of the start-up groove 1408. 

[0080] A yarn catch insert according to the present invention may be used with 
yarn carriers that include multiple layers of concentric winding tubes. An exemplary 
yarn carrier 1900 having multiple layers of winding tubes is shown in Figures 19A-B. 
The yarn carrier 1900 includes an inner tube or core 1902, an outer tube or sleeve 
1904, and a yarn catch insert 1906. The outer tube 1904, made of paper, for example, 
is placed on the inner tube 1902, made of plastic or metal, for example, to form a 
composite yarn carrier into which is inserted an insert 1906 in which a yarn catching 
mechanism has been molded and/or machined. This composite design allows for the 
independent replacement of outer and inner tubes as each wears with repeated use. 

[0081] The inner tube 1902 and outer tube 1904 each have a first end, an opposite 
second end, and a longitudinal axis extending lengthwise between their respective 
first and second ends. The inner tube 1902 has a substantially cylindrical outer 
surface 1908 and an outer diameter measured from the center of the tube to the 
outside surface 1908 of the inner tube 1902. The outer tube 1904 has a substantially 
cylindrical inner surface 1910 and an inner diameter measured from the center of the 
tube to the inside surface 1910 of the outer tube 1904. Similar to the yarn carrier 
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described above with reference to Figures 14-18, a portion of the side surface of the 
insert 1906 and a portion of the side surface of the hole cooperate to form a start-up 
groove 1922 for gripping yarn during start-up of a winding operation and the insert 
1906 may be removed to clean the groove 1922. The yarn catch insert 1906 has a 
bottom surface 1912 comprising a flange 1914 for preventing the top surface 1916 of 
the yarn catch insert 1906 from extending radially beyond the top surface 1918 of the 
outer tube 1904 during winding operations. 

[0082] The inner and outer tubes 1902, 1904 are manufactured in a manner to 
tightly positioned them against each other. This may be accomplished by a 
combination of precise selection of diameters, a selection of materials, and/or use of 
mechanical connection via ribs or an adhesive, for example. The diameters may be 
selected so the inner diameter of the outer tube 1904 is just slightly greater than the 
outer diameter of the inner tube 1904 to achieve a tight fit. Ribs on one or both of the 
tubes may provide a tight fit between the tubes. In an exemplary embodiment, the 
inner tube 1902 includes ribs on its outer surface 1908 and the composition of the 
outer tube is soft enough to absorb the ribs yet sufficiently stiff to provide a tight fit 
between the tubes 1902, 1904. The composition of the outer tube 1904 may vary 
along its thickness to provide for a soft inner portion to allow the ribs to bite into the 
inner tube 1902 and have a stiffer outer portion to resist outer dimensional changes 
when wound with yarn. 

[0083] The varying composition provides an added benefit of protecting the inner 
tube 1902 from deformation. When yarn is wound on the carrier 1900, the radially 
inward pressure applied against the outer tube 1904 by the wound yarn might 
otherwise be transferred from the outer tube 1904 to the inner tube 1902 and thereby 
deform the inner tube 1902. This pressure may be caused by the shrinkage of yarn 
after the POY process due to thermal and/or molecular shrinkage from polymer 
crystallization. 
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[0084] If deformed, this would reduce the useful life of the inner tube 1902. This 
pressure may permanently damage the inner tube 1902 so that it may not be reused 
and/or shrink its inside diameter so, after winding, it sticks to the spindle. However, 
with an outer tube 1 904 having a variable composition (soft inside, stiff outside), as 
the outer tube 1904 deforms, its softer inner composition will deform (i.e., crush) to a 
certain extent to reduce the transfer of force from the outer tube 1904 to the inner tube 
1902. In other words, the ribs and soft inner portion of the outer tube 1904 allow a 
reduction of the outer diameter of the yarn carrier 1900 while not deforming the inner 
tube 1902 or reducing its inside diameter. This also provides an added benefit for the 
yarn that has been would no the carrier 1900. As the force applied by the winding is 
relieved by deformation of the outer paper tube 1904, the yarn is relaxed and less 
stressed. 

[0085] As shown in Figure 19B, holes in each of the inner and outer tubes 1902, 
1904 are aligned for accepting the yarn catch insert 1906. The bottom of the hole in 
the inner tube 1902 includes a countersink 1920 for accepting the flange 1914 of the 
yarn catch insert 1906. The insert 1906 extends through the hole in both the inner and 
outer tubes 1902, 1904, thereby locking them together so they rotate in unison. Yarn 
may be would at a rate of 5000-6000 meters/minute - providing only a fraction of a 
second to grab the yarn and attach it to the start-up groove. If, at that moment when 
the yarn is grabbed, the inner tube 1902 moves separately from the outer tube 1904 
(e.g., outside keeps turning with yarn while inside turns the opposite way), the catch 
of yarn may be prevented. Further, any resulting slack in the yarn resulting from the 
separate movement may cause the yarn to slip or jerk when the yarn does get caught 
and can break the yarn or filament or may result in non-uniform yarn denier. 

[0086] A yarn carrier 2000 according to another exemplary embodiment of the 
present invention is shown in Figures 20-23. The yarn carrier 2000 includes a yarn 
winding tube 2002 and a yarn catch insert 2004. The yarn winding tube 2002 is a 
hollow and substantially cylindrical tube having a longitudinal axis extending 
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lengthwise between first and second opposite ends thereof. The tube 2002 has a 
substantially cylindrical outer surface 2006 and has a hole 2008 extending through its 
outer surface to its center. 

[0087] As shown in Figure 20, the hole in the tube is asymmetrical which ensures 
proper orientation of the insert 2004 with respect to the direction of rotation of a 
winding operation. The shape of the hole in the tube in Figure 20 resembles a 
baseball bat with a bulbous head on one end leading to a longitudinal section that 
widens as it extends from the bulbous head. The direction of rotation of the tube 2002 
for winding is indicated by arrow R in Figure 20. The insert 2004 includes a first 
member 2010 and a second member 2012 that form a start-up groove 2014 
therebetween when inserted into the hole 2008. The insert 2004 may be removed and 
the first and second members 2010, 2012 separated to clean any yarn from inside the 
start-up groove 2014. 

[0088] The yarn catch insert 2004 is adapted to be inserted into the hole 2008 
from the inside of and through the yarn winding tube 2002. The insert 2004 includes 
a first member 2010 and a second member 2012 that may be coupled together by a 
tether, for example. The first member 2010 has a first end 2016, a second end 2018 
opposite the first end, and an inner surface 2020. The second member 2012 has a first 
end 2022, a second end 2024, and an inner surface 2026 facing the inner surface 2020 
of the first member 2010 when the first and second members 2010, 2012 are 
positioned in the hole 2008. 

[0089] The start-up groove 2014 is formed between the inner surfaces 2020, 2026 
of the first and second members 2010, 2012 of the insert 2004. To form the yarn 
carrier 2000, the first and second members 2010, 2012 are placed adjacent to each 
other so their respective inner surfaces 2020, 2026 face each other and the insert 2004 
is then inserted into the hole 2008 in the winding tube 2002. As illustrated by the 
cross-sectional view of Figures 22-24, the start-up groove 2014 is tapered to a pinch 
point 2028. The start-up groove 2014 includes a barb 2026 extending from the inner 
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surface 2020 of the first member 2010 into the start-up groove 2014 and toward the 
inner surface 2026 of the second member 2012. In an exemplary embodiment, the 
barb 2026 extends greater than half the distance between the inside surfaces 2020, 
2026 of the first and second members 2010, 2012. In another embodiment (not 
shown), a hook may instead extend from the first surface 2020 of the first member 
2010 into the start-up groove 2014. 

[0090] The yarn catch insert 2004 has a bottom surface 2030 comprising a flange 
2032 for preventing the top surface 2034 of the yarn catch insert 2004 from extending 
radially beyond the top surface 2006 of the tube 2002 during winding operations 
when the tube 2002 is spinning. As shown in Figures 22-24, the bottom of the hole 
2008 in the inner tube includes a countersink 2036 for accepting the flange 2032 of 
the yarn catch insert 2004. Alternatively, the side walls of the hole 2008 may be 
tapered in a direction from the inside to the outside of the tube 2002 and the outside 
walls of the yarn catch insert 2004 may be similarly tapered to prevent the yarn catch 
insert 2004 from extending radially beyond the top surface 2006 of the tube 2002 
during winding operations. 

[0091] The inner surfaces 2020, 2026 of the first and second members 2010, 2012 
are perpendicular to the longitudinal axis of the tube 2002 when they are disposed in 
the hole 2008. In an exemplary embodiment, an adhesive is applied to the outer 
surface 2034 of at least one of the first and second members 2010, 2012 to facilitate 
the process of grabbing the yarn during a string-up procedure. Although the insert 
2004 is shown in Figures 20-23 as being inserted into a hole 2008 formed through a 
single tube 2002, the insert may be inserted through two or more tubes in a similar 
fashion to that shown in Figures 19A-B for securing multiple tubes together. With 
multiple tubes, the insert acts as a key as described above with reference to Figures 
19A-B to mechanically link the tubes together. 

[0092] As shown in Figures 22-24, the edges 2038, 2040 at the top surface 2034 
of the insert 2004 are radiused. The radiused edges 2040 adjacent to the side wall of 
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the hole 2008 facilitate insertion of the insert 2004 into the hole 2008. The radiused 
edges 2038 adjacent to the start-up groove 1408 facilitate directing yarn into the start- 
up groove 1408. 

[0093] An apparatus 2500 for forming a hole in a winding tube 2508 (shown in 
phantom) is shown in Figures 25-26. The hole to be formed is adapted to receive a 
yarn catch insert. The apparatus 2500 includes a die 2502 and a punch 2504. The die 
2502 has an opening 2506 formed therein for receiving a punch 2504. The hole in the 
tube 2508 is formed by placing the die 2502 within the tube 2508 and pressing the 
punch 2504, in alignment with the hole 2506 in the die 2502, through the tube 2508. 
The die 2502 has an outer surface 2510 that substantially matches the curvature of at 
least a portion of the inner surface of the winding tube 2508. 

[0094] The outer surface of the die 2510 extends radially upward in the vicinity of 
the opening to form a lip 2512 as it approaches the opening 2506. When the punch 
2504 is pressed into a tube 2508 which is made of a compressible material, such as 
paper, while the die 2502 is in place inside the tube 2508, the force exerted by the 
punch 2504 causes the tube 1508 to compress adjacent to the lip 2512 of the die 2502. 
This compression forces forms a countersink into which the flange of a yarn catch 
insert is positioned as illustrated in Figure 22. 

[0095] Alternatively, when punching a hole through a paper tube that is to 
function as the outer tube of a multi-tube yam carrier, the top surface of the die may 
match the curvature of the inside of the tube and not have a lip in order to form a hole 
with sidewalls perpendicular to the longitudinal axis of the tube. The inner tube in 
such a configuration may include a countersink or other tapered shape for preventing 
the yarn catch insert from extending beyond the outer surface of the outer tube. In the 
case of the inner tube being a plastic tube, such a feature may be molded, for example, 
into the inner tube. 
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[0096] A further variation of a yarn winding tube as contemplated by the present 
invention is shown in Figures 27 and 28, wherein the yarn catch groove is provided in 
the inner layer of a multi-layer winding tube. As illustrated, the yarn carrier 2900 
includes an inner tube or core 2902, an outer tube or sleeve 2904, and a yarn catch 
groove 2906. The outer tube 2904, preferably made of plastic or metal in this 
embodiment, is placed on the inner tube 2902, preferably made of paper in this 
embodiment, to form a composite yarn carrier. As illustrated, the yarn catch groove 
2906 is formed in the outer surface of the inner tube 2902, which is inserted within 
the end of the outer tube 2904. The outer tube 2904 has an opening 2908 formed 
therein so as to expose the yarn catch groove 2906 (or other yarn catching 
mechanism, such as a separate molded insert). This composite design allows for the 
use of a paper tube for forming the yarn catch insert with the durability of a plastic 
outer sleeve. 

[0097] The replacement of inner tube structure is further facilitated by its 
shortened structure which forms an insert for the end of the outer tube 2904. The 
insert 2910 is inserted into the end of the outer tube 2904 and abuts against a shoulder 
2912 formed in the inside surface of the outer tube 2904. A rounded end 2918 is 
provided on the end of the insert 2910, opposite the inserted end that abuts with the 
shoulder 2912. As illustrated, the rounded end 2918 has a thickness that is greater 
than the wall thickness of the insert that forms the inner tubular portion 2902. An 
inside surface of the rounded end 29 1 8 forms a shoulder that abuts against the end 
2914 of the outer tube 2904. 

[0098] The window 2908 is formed in the surface of the outer tube 2904 to 
provide access to the startup groove 2906. The window 2908 has angled sidewalls to 
assist in directing the yarn into the grove and to assist in the transition of the yarn onto 
the winding surface of the outer tube 2904. As shown in Figures 27 and 28, the 
winding startup groove is similar to that shown and described in the yarn carrier of 
Figures 14-18. However, it should be understood that an insert of the type shown and 
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described with respect to Figures 19A and 19B or Figures 20-24 may be incorporated 
into the construction. Moreover, the materials of the inner and outer tube may be 
varied as desired by the user. Again, the inner and outer tubes are preferably 
manufactured in a manner to tightly positioned them against each other, and may be 
accomplished by any combination of elements, including those previously described 
herein. 

[0099] A further yarn carrier embodiment is shown in Figure 29 and is identified 
generally by the numeral 3000. The yarn carrier 3000 includes an outer yarn winding 
tube 3002, an inner tube 3003 and a yarn catch insert 3004. In the present 
embodiment, it is contemplated that the inner tube 3003 is substantially the same 
length as the outer tube 3002. As illustrated, a hole 3008 is provided in both the outer 
tube 3002 and inner tube 3003. The hole 3008 is asymmetrical and is formed such the 
two tubes 3002, 3003 are brought into substantial registration by the insertion of the 
startup insert 3004. As illustrated, the shape of the hole 3008 in the two tubes and the 
form of the insert are substantially the same as that shown in Figures 20-24. The yarn 
catch insert 3004 is inserted into the hole 3008 from the inside of the inner tube 3003 
and exposed to the outer yarn winding surface of the outer winding tube 3002. The 
insert 3004 may also be removed from the hole 3008, with the first and second 
members 3010, 3012 of the insert being separable to clean any yarn residue from 
inside the groove 3014. 

[00100] Although embodiments of the present invention is described above with 
regard to start-up grooves having particular dimensions, the teachings of the present 
invention are applicable to a variety of types of start-up grooves. For example, inserts 
may be formed to create start-up grooves for co-current winding or counter-current 
winding and with our without barbs or hooks. Although some of the embodiments 
described above have a score and others do not, the particular embodiments are not 
limited to having or not having a score. 
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[00101] The yarn carriers are shown in the Figures and described above as having a 
single yarn catch insert. The teachings of present invention may be applied to yarn 
carriers having multiple yarn catch inserts. A yarn carrier may include one or more 
yarn catch inserts on one side, on both sides, or elsewhere in the winding tube of a 
yarn carrier. Further, a single yarn carrier may be formed to create a bi-directional 
start-up groove to allow winding in either a forward or a backward rotation by having 
a portion with a taper in one direction and a different portion with a taper in an 
opposite direction. Also, multiple yarn catch inserts in a single yarn carrier may have 
different groove directional orientations to allow for bi-directional use of the yarn 
carrier. 

[00102] The foregoing describes the invention in terms of embodiments foreseen 
by the inventors for which an enabling description was available, notwithstanding that 
insubstantial modifications of the invention, not presently foreseen, may nonetheless 
represent equivalents thereto. 



